Abstract: Greenhouse Gases (GHGs) emission has considerable impact on global warming and climate change. Since energy systems and their features noticeably influence on the amount of GHGs emission, it can be modeled based on the specifications of energy sources utilized by the countries. In addition, economic activity is another factor which should be considered in GHG emission modeling. In this work, Artificial Neural Network (ANN) is used for estimating carbon dioxide emission, as one of the most abundant GHGs, on the basis of shares of various energy sources used as primary energy supply and GDP as an indicator for economic activities. 
Introduction
Increase in industrial activities and need for improved quality of life style, cause increment in energy requirement. Different sources of energy are applied for electricity generation, heating, and other purposes such as desalination and cooling [1] [2] [3] . Among various kinds of energy sources, fossil fuels have the highest share in primary consumption because of their availability and high energy density. However, since these types of energy sources are limited and have unfavorable impacts on environment, some policies are made to restrict their utilization. Renewable sources of energy are the most attractive alternatives for the fossil fuels. The most applicable sources of renewable energies are solar, due to their availability, wind and geothermal [4] [5] [6] . All of the mentioned renewable energies are used for electricity production [7, 8] , while solar and geothermal can be used for other applications such as ventilation [9, 10] . Studies have shown increment in renewable energy facilities for power production in recent years [4, 11] .
As mentioned earlier, using fossil fuels causes increase in GHGs as an unfavorable product for environment [12, 13] . Energy policy makers proposed various solutions to overcome the problems of increasing GHGs. Enhancement in the efficiency of the current power plant and systems, operating condition optimization and developing the renewable-based energy systems are among the most recommended solutions [14, 15] . Emission of 2 for electricity generation by using thermal power plant is much more than using renewable sources for the same goal [16] . For instance, on the basis of a study [17] , replacing the current thermal power plants of Iran with 5000 MW PV panel for electricity production, it is possible to reduce emission of carbon dioxide up to 9.025 Mt per year, which shows the noticeable potential of renewable energies in decreasing producing of GHGs.
Global warming and climate changes are highly dependent on the emission of GHGs [18] . Among different GHGs, carbon dioxide is one of the most important components which is considered in the studies focused on preventing global warming. Various suggestions are represented in Paris agreement in order to reduce the emission of GHGs [19] . According to the scenarios represented by IPCC [18] , economic factors and energy sector features play key role in the predicted emission of carbon dioxide. Due to these facts, exploring the impact of energy systems and economic factors on the carbon dioxide production have high importance.
Different mathematical approaches are introduced for modeling systems and phenomena, among the suggested approaches ANN is one of the most accurate and powerful ones. ANN-based methods' accuracy is much higher than conventional correlation, which makes them an appropriate choice for modeling. These types of algorithms are employed for finding the relationship between some inputs and an output. ANN-based approaches are applicable in predicting the features of material and the performance of engineering systems. For instance, Mohamadian et al. [20] used GMDH ANN to model and predict the dynamic viscosity of silver/water nanofluid. The accuracy of their model was very high based on the determined R-squared value which was 0.9996. In other study [21] , ANN was used to estimate the Nusselt number of nanofluids flow through a coil. The calculated R-squared value in this case was 0.979, indicating its acceptable precision. Since ANNs are very powerful in systems' modeling and have ability to consider the interaction of input variables on the output of the model [22] [23] [24] [25] [26] , these tools can be used for modeling environmental problems.
In order to gain insight into the influence of each energy type on GHG emission, mathematical modeling is an appropriate approach. By using the models, sensitivity analysis can be carried out to make a favorable policy to reduce the emission of these gases. Among various machine learning approaches, GMDH is one of the most efficient one in term of accuracy. As an example, Ahmadi et al. tested both GMDH and LSSVM methods in predicting the thermal conductivity of CuO/EG nanofluid. The obtained determined values of R-squared for the mentioned methods were 0.994 and 0.991, respectively. Due to the acceptable and reliable performance of GMDH in modeling different systems, it is an appropriate candidate for predicting environment-related problems. In addition, thi algorithm does not suffer from the overfitting [27] . According to the research performed by Rezaei et al. [28] carbon dioxide emission of four Nordic countries were accurately estimated by using Group Method of Data Handling (GMDH) as an ANN-based approach. The R-squared of the model was 0.998 and the maximum value of deviation between the output of the model and actual data was 4%; while approximately two-third of data could be predicted with error lower than 1%.
Middle East region play important role in providing energy of the world. In addition, since the fossil fuel sources are abundant and the cost of energy is lower compared with other parts of the world and the developing countries are located there, it is necessary to investigate its energy-related issues. Based on a report [29] , Middle Eastern countries produced approximately 6.3% of world' 2 in 2017. In this article, GMDH is employed to model the emission of 2 in five Middle Eastern countries, Iran, Saudi Arabia, Qatar, UAE and Kuwait, which have important role in energy sector of the world.
Method
Generally, one can use Volterra-Kolmogorov-Gabor (VKG) polynomials to model complex systems that include a set of data with multiple inputs and one output as:
Where x= (x1, x2, …, xn) are input vectors, y is the output of the model and ai are the polynomial coefficients. VKG polynomials are approximated using second-order polynomials. These quadratic polynomials are constructed based on the dual composition of network inputs. The GMDH algorithm is introduced using this idea as a learning method for modeling complex systems [30, 31] .
The GMDH neural network has a multi-layer and forward-oriented structure and consists of a set of neurons that connect the different input pairs through a quadratic polynomial. Each layer in this network consists of one or more processor units, each of which has two inputs and one output. These units play the role of model components and are considered as a quadratic polynomial. (equation 2)
The unknown parameters of the GMDH algorithm are the polynomial coefficients of equation (2). To calculate the output value ̂ for each input vector x= (x1, x2, …, xn) according to equation (2), the mean squared error (equation 3) must be minimized.
To achieve the lowest error value, a partial derivative of (3) is used. By substituting from equation (2) 
A solution approach for the above matrix equation is applying the Singular Value Decomposition (SVD) method. If the SVD method is used, the unknown can be calculated using equation (5) .
Where is the transpose of matrix . Using this solution method, the Unknown can always be calculated. If the matrix is irreversible, the Thikhonov method will be used to solve the equation.
In the design of the GMDH neural network, the goal is to prevent the divergence of the network and also to link the shape and structure of the network to one or more numerical parameters, in such a way that changing this parameter also changes the structure of the network. Evolutionary approaches such as genetic algorithm have a wide application in design of NNs, since they have unique capabilities in determination of optimum values and are able to search in the spaces with unpredictable features. In order achieve a general for the GMDH NN, the utilization of the adjacent layer in the construction of the next layer should be removed. These types of neural networks are called GS and are used to construct new layers from all previous layers (including the input layer [30] . More details on the procedure of GMDH are indicated in Refs [32-34].
Results and discussion

Emission of
2 in the world had noticeable increment in recent years as shown in Figure 1 2 emission in the world [29] . 2 emission in the investigated countries [29] .
2 emission is mainly due to the energy consumption; therefore, investigating the related values get good insight into the environmental challenges. Primary Energy Consumption (PEC) of the world and Middle Eastern countries between 2000 and 20017 is illustrated in Figure 4 and Figure  5 , respectively. During this period, PEC of the world increased from 9356.4 Mtoe to 1pproximately 13511.2 Mtoe; while PEC of the Middle East varied from 414.9 Mtoe to 897.2 Mtoe [29] . The average annual growth rate of PEC between these years were 4.37% and 2.06%, respectively. The average growth rate of energy consumption in Middle East is more than 2 times higher than the world which can be attributed to several factors such as energy abundancy, low efficiency and cost of energy and inappropriate use of energy. The considered countries in the current work play key role in energy sector of the world due to their noticeable share in both oil and natural gas production. As shown in Figure 6 ,in 2017 these countries produced approximately 16% of the world total natural gas. Iran has the highest share with 6.10% of total world natural gas production and the 2 nd rank belonged to Qatar with 4.8%. In this year, about 27.20% of world oil production belonged to these countries as illustrated in Figure 7 . Highest share of oil production, among these countries, belonged to Saudi Arabia with 12.8% of total world oil production. The 2 nd rank belonged to Iran with 5.30%. Based on these values, the mentioned countries are among the resource-rich regions. Due to the mentioned fact, the availability and cost of energy is very low. Figure 6 . Share of the considered countries in natural gas production [29] . Figure 7 . Share of the considered countries in oil production [29] .
In order to predict 2 emission of these countries, five input variables are considered. The input data are oil, natural gas, coal and renewable energy consumptions in addition to GDP as the indicator of economic activities. All the data are gathered from Refs [29, 35] between 1990 and 2015. The share of gathered data in training the NN and its testing and validation are defined according to the related references [28, 31, 36] . 80% of data were employed for training the network, while 20% were used for evaluating the trained network. It should be mentioned that the data were divided randomly, in order to prevent any bias, and there was not any criterion for the data selected for training and test of the network. By applying GMDH ANN a mathematical model was obtained as: There are different criteria for assessment of regressive model accuracy [37, 38] . At the first step, comparison between the actual data and estimated data as model output is given in Figure 8 . As represented, the R-squared value of the proposed regression by GMDH is 0.9998. This determined value is higher than the previous study performed for carbon dioxide emission prediction of some Nordic countries [28] , which was 0.998. The majority of the estimated data by the model are very close to the actual data. The accuracy of the model indicates the selection of appropriate variables as input data, affecting the model output, and the effectiveness of the model. Since combustion of various fuels produce a defined range of carbon dioxide, it is required to consider their consumption to achieve a precise model. Moreover, economic activities is another influencing factor of GHGs emission which is considered here. Relative error is another criterion applicable for assessment of model precision. In Error! Reference source not found., the relative error of the model on the basis of data index is represented. The maximum error of the model in estimating the carbon dioxide emission is 23%, while the error of more than 88% of predicted data are in the bound of ±5%. The average absolute error of the model for all data is approximately 2.28% which is another evidence for the acceptable accuracy of the model. This low value of average error is an indicator for high accuracy of the model and its reliable performance in forecasting 2 emission of the investigated countries. Finally, the actual values and the outputs of the model, based on the data index, are compared. As depicted in Error! Reference source not found., the outputs of the model are very close to the actual data, obtained based on reliable references. As a conclusion, the proposed model by employing GMDH ANN is very precise and reliable approach for estimating the carbon dioxide production of the considered Middle Eastern countries. Since there is not similar mathematical model for the investigate countries, the accuracy of the model can not be compared with other studies; however, according to the utilized statistical criteria, the model has acceptable accuracy and can be reliably applied for predicting 2 emission in future years. In order to gain insight into the impact of different utilized input variable, the emissions of 2 versus each input variable, for Iran as one of the considered case studies, are illustrated in Figure 11 to Figure 12 . According to these figures, emission of 2 increases significantly by increment in the consumption of different fossil fuels. In addition, it can be concluded utilizing renewable energies instead of fossil fuels results in lower 2 emission. 2 emission vs natural gas consumption in Iran [29] . 2 emission vs renewable energy consumption in Iran [29] . 
Conclusion
In the present work, GMDH ANN is used to estimate carbon dioxide, as one of the important components of GHGs, of five Middle Eastern countries, including Iran, Qatar, Saudi Arabia, United Arab Emirates and Kuwait. Fossil fuels consumptions including coal, oil and natural gas in addition to renewable energy sources are utilized as input variables for training the network. Moreover, GDP is considered as another data, indicator of economic activities, to improve the precision of the model. An ANN model is successfully trained for prediction of carbon dioxide according to the statistical assessment of the model. The values of R-squared and average absolute error of the models are 0.9998 and 2.28%, respectively. The accuracy of the proposed regression is attributed to the appropriate selection of input variables and the effectiveness of the applied method.
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